INTRODUCTION
Drought is a complex natural hazard that causes economic, environmental and social consequences worldwide. Global economic loss caused by drought each year is up to 6-8 billion US dollars, which is much more than other natural hazards (Wilhite ) . In the agricultural sector, drought is one of the dominant causes of crop loss in China.
According to statistics, the mean annual area of drought was about 21.6 million hectares during the period 1949-1999, accounting for 60% of the total area of meteorological disasters, and crop loss was about 10 billion kilograms in each year (Yuan & Zhou ) .
It is difficult to detect and monitor drought for three reasons: (1) it develops slowly, and the onset and end are indistinct; (2) it is not precisely and universally defined; and (3) its impact is non-structural and often spread over very large areas (Wilhite ; Lei & Albert ) . The complex drought phenomenon can be represented by a drought index, which allows scientists to quantify climate anomalies in terms of intensity, duration and spatial extent. In China, some widely used drought indices include the Palmer Drought Severity Index (PDSI) (Palmer ) , the surface humid index (Ma & Fu ) , the Standardized Precipitation Index (SPI) (Mckee et al. ) and the Water Deficit Index (WDI) (Moran et al. ) .
Palmer () developed the PDSI according to the concept that it is climatically appropriate for existing condition (CAFEC), which carried the drought index research a step forward. The effects of water deficit and duration on Because the NDVI is highly correlated to green-leaf density and vigour, it is considered to be a proxy for the status of above-ground biomass at the landscape level and is widely used in remote sensing of the terrestrial
The close relationship between vegetation vigour and available soil moisture, especially in arid and semi-arid areas, means that the AVHRR-derived NDVI has been used to evaluate drought condition by directly comparing it to precipitation or drought indices (Tucker ; Gutman ). 
).
Step 1. Several methods can generally be used to calculate the potential evapotranspiration, a key variable of the water balance and also of the PDSI computation procedure (Thornthwaite ; Liu et al. ) . In this study, the Penman-Monteith equation is applied:
where ET 0 is the reference evapotranspiration (mm d À1 ); R n is the net radiation absorbed by land surface (MJ m
; T is daily mean temperature ( W C); e s and e a are the saturation and actual vapour pressures (kPa), respectively; U 2 is the wind speed (m s À1 )
at 2 m height; γ is the psychrometric constant (kPa
and Δ is the first-order derivative of saturation vapour pressure with temperature (kPa W C À1 ). Step 2 Runoff is assumed to occur if and only if both layers reach their combined moisture capacity, AWC. In addition to PE, three more potential terms were used and defined as follows: potential recharge (PR) is the amount of moisture required to bring the soil to its water-holding capacity;
potential loss (PL) is the amount of moisture that could be lost from the soil by evapotranspiration during a zero precipitation period; and potential runoff (PRO) is defined as the difference between precipitation and potential recharge.
Step 3. Climatic coefficients were estimated by simulating the water balance for the period of available weather records.
Monthly climate coefficients were computed as proportions between climatic averages of actual versus potential values of evaporation, recharge, runoff and loss, respectively.
Step 4. Coefficients were used to determine the amount of precipitation (I ) required for the CAFEC, i.e. 'normal'
weather during each individual month.
Step 5. The difference between the actual precipitation (P) and CAFEC precipitation (I) is an indicator of water deficiency or surplus in that month, expressed as D ¼ P À I.
These departures are converted into indices of moisture
where K is a weighting factor, which also accounts for spatial variability of the departures D.
Step 6. In the final step the Z-index time series are analyzed to develop criteria for the beginning and ending of drought periods and an empirical formula for determining drought severity. In this study, the empirical formula is (Liu et al. ):
where Z i is the moisture anomaly index and X i is the PDSI Because the linear relationships between NDVI and PDSI are significantly different for different seasonal periods, seasonal dummy variables were employed in the regression model (Doran ) . In this study, the dummy variables were a set of six levels assigned to the 6 months of the growing season and used to account for the effect of the month on NDVI. The regression model containing seasonal dummy variables is expressed as:
where D 1 , D 2 ,…, D 6 are the dummy variables; β 0 , β 1 , …, β 13 are the regression coefficients, and ε is random error. In general, the moisture-sensitive period occurs during the development of reproductive organs, when plants obtain maximum beneficial effect from the available water supply.
During this period, drought has the greatest effect on reducing plant size and yield. Consequently, irrigation has the greatest effect on increasing yield, and excess water has 
Relationship between NDVI and PDSI
The goodness-of-fit of the NDVI and PDSI correlation was tested and measured using analysis of variance and R 2 from the regression model with dummy variables (Equation (3)). Tables 2-5 show the results of the regression models for forest, shrub, grass and croplands, respectively. Based on the regression models with dummy variables, the correlations between the NDVI and PDSI for all vegetation types are very significant, with p-value <0.001 and R 2 > 0.9.
The useful variables were retained in the model, after nonsignificant items were eliminated.
The following regression functions representing the linear relationship between the NDVI and PDSI for forest in each month of the growing season were obtained by When regression techniques are used to quantify the relationship between the NDVI and PDSI, the seasonal effect was taken into account. The good goodness-of-fit of the NDVI and PDSI correlation using a regression model with dummy variables illustrated that the NDVI is a good indicator of moisture condition and can be an important data source when used for detecting and monitoring drought in this area. Furthermore, it demonstrates that seasonality is an important factor when NDVI and NDVI-derived vegetation indices are used for drought detection.
